With the growing population of the megacity, Dhaka is facing severe deficiency in transportation sector. For its cheap fare, the main mode of transport for the poor is bus. Also it is the only option available as public transport. But the level of service of bus is not satisfactory. In addition to the insufficient public transportation system, Dhaka also lacks in infrastructure. On top of that, car ownership is increasing pretty rapidly piling up the traffic congestion. These sum up to a longer travel time; a significant portion of which is spent halting either for congestion or for collecting passengers. This study focuses on the stopping time and the moving time of a bus trip. The discrepancy between demand and supply of public transport is quite severe in Dhaka. When the demand is higher than supply during the peak period or near CBD area, buses get full and over-crowded at earlier stoppages. In such cases, drivers skip the later bus stops where people need to wait longer for bus. But the scene is completely reversed when demand is less than supply. In such cases, drivers tend to wait longer intentionally at the earlier bus stops in the hope of collecting sufficient passengers, termed here as intentional waiting time. This study tries to understand and verify the situation. The result suggest that the intentional waiting time influences the total stopping time significantly. Most of which occurs in the earlier sections of the route and with increasing distance from the origin, the waiting tendency keeps decreasing. The passenger boarding trend follows similar trend. Lack of guideline is one of the main reasons for such behavior and the demand, land use pattern, bus occupancy etc. are some of the major factors influencing intentional waiting to a great extent.
INTRODUCTION
With a population more than 17 million, Dhaka is one of the densest megacities in the world. Being a third world developing country it lacks sufficient infrastructure to serve the transportation need of such huge population. In order to ensure a sustainable transportation system, the role of public transport cannot be overlooked as it can ensure higher passenger-km with relatively cheaper price by proper planning and management. In spite of being a road based megacity, Dhaka has only 9% area occupied by roads resulting a poor road network as well as overall transportation system 1) . Regardless of the low quality bus service, 44% of all household trips is made by bus 2) as till date no other mass transit like BRT or metro is available in Dhaka.
The bus services in Dhaka is considered unsatisfactory due to lack of proper planning, management and maintenance. Most of the users are captive user and highly dissatisfied with the service, especially with longer travel time as bus is found to be stopped .
Fig.2 Congestion (left) and passenger collection when demand is low (right).
for a significant time either intentionally for passenger collection or for congestion. This encourages user to shift to other modes like private car, motorbike or taxi whenever affordable. Mahmud et al. pointed out several deficiencies in bus system of Dhaka from user point of views including lack of passenger information, inadequate bus stops and several problems of bus journey like longer travel time and higher transfer 3) . Moreover, a poor level of service (LOS) was determined for travel time with by Das. He found the LOS for travel time to be 'D' and 'E' for private and government owned bus respectively 4) . Hence, several delay models has been developed by researchers. The Webster's model 5) for estimating the delay incurred by motorists at under saturated signalized intersection was modified by Hoque and Imran for applying in the non-lane based mixed traffic condition 6) . However, their model was applicable for under-saturated traffic condition only. Hadiuzzaman et al. tried to overcome this limitation by developing another delay model that could predict delay for under-saturated as well as over saturated traffic flow at signalized intersection 7) . Studies related to bus in Dhaka city mainly concerns with intersection delay at signal. Whereas, this study takes into account the intentional delay at bus stop along with the intersection delay.
This paper provides the issues of bus system in Dhaka and motivation of the study at the beginning followed by the methodology. Showing the analysis and summarizing result, the paper concludes with detailed discussion and direction for future work.
ISSUES WITH CURRENT BUS SYSTEM IN DHAKA
Being the capital of third world developing country, most of Dhaka's residents are poor. As a result 84% of households do not have any sort of transport vehicles and depend on public transport. Bus, having the cheapest transport cost per km, comprises only a small proportion of vehicle numbers (11½%) but carries about 77% of people 2) . Fig.1 shows the registered motorized vehicle in Dhaka over last 8 years 8) .
As only 5% of the buses are government owned, the dominating private sector acts like a syndicate providing monopolistic service 9) . As a result in spite of high demand, the monopolistic private sector is not increasing the investment to expand bus fleet in Dhaka for the probability of unprofitable business 10) . Moreover, no guideline as well as bus time schedule is provided by the operator to neither the driver nor the user. In addition to that, no particular service frequency is followed by the operator which leads to bus brunching and a low level of reliability and punctuality of the service.
Bus behavior in Dhaka varies significantly depending on the drivers and conductors operating them. Skipping of stoppages, cutting routes short and dwelling for very long periods at the curb occur unpredictably, although this is more often observed in local buses 11) . These annoyances to travelers can vary between off-peak and on-peak periods, and it is for these reasons that many travelers choose to avoid riding buses 12) . Mannan et al. found that among other modes bus has the second highest user satisfaction in term of availability after rickshaw 13) . One of the reasons behind this finding is the intentional waiting by the driver's at the bus stop. Although it increases the total travel time and passengers' on board waiting, sometimes intentional waiting reduces prospective riders waiting time at the bus stop.
While travelling, the waiting time can broadly be classified into two category; one is the time in congestion or signal queue and the other is the time spent intentionally at bus stop to collect more passenger even after regular boarding/alighting is over (Fig.2) . Which portion of the waiting time dominates might depend on the location of bus stop, time of the day and passenger on board.
In a growing city like Dhaka longer waiting time could be holding back the economic development.
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Residential Area Inbound Outbound Hence, the aim of this research is to identify the mechanism of intentional waiting time as a component of travel time.
RESEARCH METHOD
The World Bank report stated "Dhaka is a city stretched to its limit." As showed in Fig.3 , the city center is located at South end and the city continued to grow to the North. In Dhaka city, there are 149 bus routes 13) . Then again most of them are expanded eccentrically in the north-south direction 3) . For study purpose, one route of 13.4 km (Route no: 19/E), shown in Fig.3 , connecting the Northern residential zone with the CBD and educational hub at South is selected. Selection was done after a thorough review of OD maps and desire maps of DHUTS 14) . Comprehensive field survey was conducted for collecting travel time data along the study route using HOLUX Wireless GPS Logger M-241 for both weekdays (from Saturday to Thursday) and weekend (Friday) (Fig.4) . According to the GPS manual, theoretical accuracy of the M-241 is stated at 3 m, but this accuracy can be improved to 2.2 m (Horizontal deviation 95% time) when Differential GPS (DGPS) is available 16) . Fig. 5 shows the actual travel path of the bus at the end of inbound trip. Most of the GPS points are located on the physical road and at end when bus comes to stop, the points almost overlap indication a high level of accuracy. This GPS data was processed to calculate distance, moving time, congestion time and intentionally waiting time both at authorized bus stops and intermediate unauthorized locations. To support the data, video clips of random trips were recorded from inside of the bus. Also, the passenger boarding and alighting numbers for each trip were recorded manually.
For the purpose of detailed analysis, the raw data of GPS were transferred in a common '.cvg' file by developing a program using 'Perl Language'. Further 
where 'Lat' and 'Lon' are their latitude and longitude respectively and 'R' is the radius of the earth.
For simplification purpose, the vehicle is considered to be stopped when the instantaneous speed is less than 5 km per hour for 5 seconds or more. Since, waiting time for regular boarding was found to be significantly small compared to intentionally waiting (i.e. negligible), while considering intentional waiting time, this study did not separate time for regular passenger boarding and alighting from extra time waiting to collect more passenger at or apart from designated bus stops. Although, it is highly recommended to consider them separately if the regular boarding is higher. While congestion include waiting time at signalized intersection as well as traffic congestion along the route.
In order to look into deeper image, the entire route was divided into 13 segments based on 4 characteristics like i) presence of bus stop, ii) presence of signal, iii) presence of both bus stop and signal and iv) presence of neither bus stop nor signal (Fig.6 ) and analyzed for each components separately. Table 1 contains the details of each segment.
DATA ANALYSIS (1) Entire trip
At first, the travel time data was plotted according to starting time of each trip (Fig.7) . Although free flow time is 50 minutes, majority of the trips exceed that and most inbound trips exceeds twice the free flow time. The free flow time was estimated by determining the travel time along the route using Google Map and the reliability of the value was checked by driving along the route in early morning with low road traffic volume.
In Weekdays, for inbound trips, it requires less time between 2 p.m. and 4 p.m. While for outbound trip, peak is attained between 11 a.m. to 2 p.m. Also, overall travel time in this direction is relatively low.
Weekend trip pattern is little different from that of weekdays. Unlike weekdays, no significant peak is observed at 8 a.m. for inbound trips; rather the peak is shifted at around 12 p.m. Then again, outbound trip reaches its peak at around 6 p.m. when people are returning to their residences. Also, travel time is quite low in weekend than that of weekdays. On weekend, road traffic in early morning and late night along with demand for outbound trips originating from CBD is significantly low. As a result, drivers wait less and can drive at a higher speed, sometimes exceeding speed limit and ignoring traffic signal. Hence, for outbound trip in weekend, some trips are observed to take less than the free flow time at those time.
Although only half of this longer travel time is spent on moving and the rest of it is spent on stopping either for congestion or for intentional waiting. Fig.8 and Fig.9 shows the ratio of different components of travel time during weekdays and weekend for inbound trips and outbound trips respectively.
In general the congestion is higher during weekdays, whereas intentional waiting time is higher during weekends. Most of the times longer congestion is compensated by waiting less intentionally in order to maintain a stable stopping time ratio of 50%. 
(2) Segment-wise analysis
As it is believed that the intentional waiting time as well as congestion is not evenly distributed over the entire route, the effect of them at different segments are identified and analyzed. a) Segmental detail of inbound trip Fig.10 and Fig.11 show segmental variation of intentional waiting time, congestion and boarding of passengers for inbound trips both in weekdays and weekend.
The fluctuation of congestion and intentional waiting time is plotted in Fig.10 . The maximum and minimum value is represented at the top and bottom end of the straight line; plus the bottom and the top edge of the rectangle encloses the 25th percentile and 75th percentile value. Also, the larger the width of the rectangle, the larger the fluctuation is.
For intentional waiting time, most fluctuating segments are segment 'a', 'c' and 'e'. Not only has that, these segments had the highest values among all 13 segments. In the maps of Fig.6 , these are the segments containing bus stops located in the map at the earlier stage of trip. On the contrary, congestion is higher at segments 'k' and 'l' since they are located near CBD. In addition to that, congestion at segment 'c' along with segments 'k' and 'l' fluctuates highly as major inter sections are located within them.
The change in intentional waiting time and passenger boarding is shown in Fig.11 . Both of them follows similar trend by being maximum at origin and gradually decreasing with distance. In average, bus waits for about 6.6 minutes in order to collect 25 passengers in weekdays at the first bus stop. But on weekend bus collects only 18 passengers even though it waits for 7.6 minutes. This suggests, lower demand leads to higher intentional waiting time. b) Segmental detail of outbound trip For outbound trip, the origin is located at CBD with several educational institutions, shopping centers and commercial places resulting a higher demand for outbound trip. Fig.12 shows the fluctuation of intentional waiting time for weekdays and weekend by plotting the maximum, minimum, 25th percentile and 75th percentile values for each segment.
The intentional waiting time is highest at segments 'A', 'B' and 'C' with the maximum fluctuations. Similar to inbound trips, they are also located near origin and contains bus stop. Additionally, significant waiting is observed at segment 'I' with fluctuation as short distance travelers board the bus from the bus stop located here.
Unlike inbound trips, congestion is high at earlier stage of outbound trips since the origin is located near CBD. Congestion at segments 'A', 'D' and 'K' with major intersections is fluctuating remarkably. Fig.13 shows a similar trend between intentional waiting time and passengers boarding with distance for outbound trips. Similar to inbound trips, the values for outbound trips are maximum at origin and decrease with increasing distance from origin. Although the drops in both values are quite drastic compared to those of inbound trips. Bus collects an average of 47 passengers in less than 5 minutes in weekdays and 29 passengers in less than 4 seconds in weekend which, once again, indicates the higher demand influencing intentional waiting. Also passenger boarding freezes at mid-route. Moreover, a secondary peak near end point is observed due to the boarding of short distance traveler in segment 'I'. Table 2 summarizes the analyzed data for entire trip. For the same direction of travel, moving time increases by 7 percent points in weekend for both inbound (14 minutes) and outbound trip (18 minutes). Even though for outbound trip, relatively smaller waiting time is observed. Congestion is high and influence the trip behavior to a great extent in weekdays as higher congestion effect is compensated by lower intentional waiting time for having a stable stopping time ratio.
RESULT AND DISCUSSION
Bus serves an average of 95 passengers per trip in weekdays and 60 passengers in weekend. As a result the intentional waiting has higher ratio of total travel time in weekend compared to weekdays indicating a relation between varying demands throughout the week with waiting time.
Also, land use pattern along the route, especially at the origin and destination influences the intentional waiting time and congestion. CBD has rather higher demand which on one hand creates congestion and on the other hand reduces intentional waiting time.
Fig.14 shows the trend in bus occupancy at the beginning of each segment along the study route (at the beginning of first segment bus is empty). For outbound trip, number of passenger collected during weekdays exceeds bus seat number (36 seats). Presence of standee demotivates drivers to wait intentionally and thus lower intentional waiting time is observed for outbound trips. But for inbound trips, a gradual increase is observed and 100% occupancy is reached at mid-route. Until that drivers continue to wait intentionally for passenger collection. The occupancy follows similar trend with rather smaller value in weekend as the demand is less.
After investigating each segment closely, it is found that intentional waiting time is maximum at origin and gradually decreases with increasing distance from origin. Also, 70% of total intentional waiting time is spent before half of the entire route is traveled (Fig.15 ) and during this period more than 60% of total passenger for the trip is collected (Fig.16) . Moreover, for inbound trip this time is spent within first 45% of the route length in weekdays and first 30% of route length in weekend. Due to the lower number of trip produced in weekend, driver tends to wait more at earlier bus stops intentionally. The ratio of time spent in waiting intentionally at bus stop is similar for outbound trips in both weekdays and weekend since the demand is relatively higher near origin compared to other bus stops. But for inbound trips, to collect same number of cumulative percentage of passenger bus needs to wait more on weekend as trip production is lower (Fig.16 ).
CONCLUSION
Based on the study, it is clear that bus system of Dhaka is facing severe deficiency in travel time. The unacceptably long travel time is a combined result of road congestion along with intentional waiting for passenger collection. Different factors plays vital role on each of these two stopping time components.
First of all, the demand influence intentional waiting time to a significant extent. As a result,
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weekend has higher intentional waiting for lower demand. Again, higher demand at CBD results in a lower intentional time for outbound trip. Therefore, it can be concluded that due to demand variation not only days of week but also the land use pattern along the route has strong effect on intentional waiting.
Secondly, intentional waiting time is maximum at origin and gradually decreases with distance. Bus stops located at earlier stage of route has higher intentional waiting time with noteworthy fluctuation. As a result, 70% of intentional waiting time is observed before even completing 50% of the trip.
Also, bus occupancy and passenger boarding is closely related with intentional waiting. Buses collect passenger by waiting intentionally until occupancy is 100%. Once the occupancy exceeds 100% intentional waiting drops significantly. For inbound trips on weekdays, occupancy exceeds 100% within 7 km to 10 km of the study route ( Fig.14) with a reduced intentional waiting time of less than 1 minute (Fig.11) . Usually 70% of total intentional waiting time is spent in collecting more than first 60% of passenger per trip.
Since guideline as well as bus time schedule are unavailable, future study need to be carried out for developing operation guideline and bus schedule after detail analysis on demand and policy of operator as well as government. Providing training to driver and monitoring them using manual or in-vehicle GPS to offer reward or penalty for their punctuality might help reducing intentional waiting time.
Since intentional waiting time is a rarely observed phenomenon in many countries, not many study has been conducted on it. This study will serve as a base for future studies in solving this problem.
